In this work a short overview of the development of spin glass theories, mainly long and short range Ising models, are presented.
I. Prologue
It has been a long and hard way to unravel the fascinating subtleties involved in the physics of spin glasses since the pioneering experimental work of Cannella and ~~d o s h [ l ] in the dilute metallic alloy CuMn with 0.9% Mn. ~o w a d ' a~s these systems comprise a large variety of distinct materials emboding the two basic ingredients: frozen disorder and antagonistic interactions (frustration). For a review see for instance Rammal and ~ouletie [~] , Binder and ~o u n &~] , Chowdury and ~o o k e r j e e [~I , Mèzard et a1 [51, ~r a~[ ' I and Fisher and ~e r t z [~] .
The most successful and popular theoretical model to describe the physical properties of spin glasses is the one introduced by Edwards and ~nderson['l whose mean field version was proposed by Sherrington and Kirkpatrick (sK) ['~. Even today some aspects of the SI< model remains elusive such as the structure of the free energy barriers [lO] , the ordering field of the condensed phase [11~12] and its dynamical properties [13] .
In this work a short account of the theoretical development in spin glasses mainly the Ising model, is presented. There is no intention of completeness in this work nor to give any details of the model calculations or a complete list of references but only of providing useful informations concerning some results up to now. In section I1 the mean field SK model and the picture arising from its solution are discussed. In Section I11 the counterpart of some special short range models where exact solutions were obtained are considered as well as some scaling and renormalization group theories. Some concluding remarks are presented.
Mean field theory: the unfolding of complexity
The much referenced mean field theory of ferromagnetism due to Weiss may be obtained through an exactly solvable model, where a11 spins interact among themselves with vanishing size dependent i n t e r a~t i o n [~~~~~I .
Its solution reveals that the mathematical mechanism responsible for the phase transition occurring in the model is the same as in the more palatable two-dimensional Ising model, i.e., asymptotic degeneracy of the largest eigenvalue of the transfer matrix associated with the partition function of the system. It is then possible to formulate the mean field theory of ferromagnetism within an aesthetically atractive way as the solution of a long-range ferromagnetic model.
In this same spirit, a long-range model intended to represent the mean field theory of spin glasses was *Permanent Address: Departhento de Física, Universidade Federal de Pernambuco, 50670-901 Recife-PE, Brazil introduced by Sherrington and ~i r k~a t r i c k [~] on the footsteps of the wide general Edwards and Anderson model['] . It is defined by the Hamiltonian where ui = f 1, i = 1,2, . . . N is a set of Ising variables under an externa1 magnetic field H. The set of exchange interactions coupling constants { J i j ) are independent random variables chosen from the gaussian distribution and the sum is taken over a11 pairs (i, j) of spins. The scaling of the variance as J 2 / N is necessary in order to have a finite free energy per particle as N -, co. For a system with frozen-in (quenched) disorder t>he free energy is giver by for a given set of { J i j ) . For a very large system it is expected that f { J i j ) and others densities of extensive quantities are sample independent, i.e., they are selfaveraging. Thus, instead of calculating f for a given set (sample) as in Eq. (3), one may obtain an average free energy where the random variables are eliminated by carrying out the averaging of Eq. (3) over its distribution, namely where < . . . > J means this average procedure.
It is reasonable to expect the model (1) to have many ground-states, with a complex phase space, in addition to the presence of many metastable states. For such a disordered model it seems almost miraculous that below its critica1 temperature Tc = J / K the complex structure and organization of the phase space could have its details worked out.
Historically, two complementary approaches were undertaken in order to calculate the free energy of the model. The first was to work out directly Eq.(4) through the replica m e t h~d [~*~I , and the second to obtain F { J i j } in Eq. (3) The distinct thermodynamic states in which the phase space may be decomposed will have a free energy density f, given by [22, 3] where the sum is over a11 microscopic states associated with state t and which are independent of the state (reproducible) and self-averaging while others like the susceptibility is not. Up t o now there is no known analytical way of computing the thermal average of an observable in a pure state. This demands the knowledge of how to project out this state through an ordering field [ll] although, it may be shown that certain quantities are both sample independent (self-averaging) and state independent (reproducible) [3~5] .
Another approach which has been successful in working out the properties of (1) where now a , P label the possible pure states with weight P, and PP. It can be shown that P(q) is not a self-averaging quantity but its average over all realizations of {Jij), P(4), is related to q(x) by P ( q ) = dxldq.
So the inverse function x = x(q) gives the cumulative probability for having an overlap p. Moreover, by considering any three pure states cri, a 2 , a3 and the probability P(q1, q2, q3) for them to have overlaps 41 = qa2a3, 42 = qcisai t q3 = galaz it can be sh0wn[311 that the space of the pure states of the SI< model is organized in an ultrametric fashion: give any three states, at least two pairs will have the same overlap which will be less than or equal to the third pair (for instance,
It is rather dificult to work directy with Eqs. (14) 
F i n i t e dimensional systems: c o m p e t i n g u nfinished theories and b i z a r r e l a t t i c e s
Up to now there is no generally accepted theory to describe the properties of finite dimensional spin glasses.
For a uniform system like a ferromagnet, its phe- The present status of the studies in spin glasses, reflects how hard the problem is and the far reaching consequences of its eventual comprehension.
